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(54) INFORMATION RECORDING MEDIUM, INFORMATION REPRODUCING DEVICE, AND 
INFORMATION RECORDING/REPRODUCING DEVICE 



(57) An information recording medium, an informa- 
tion reproducing apparatus and an information record- 
ing and reproducing apparatus capable of carrying out 
reproduction of Information and tracking controi by uti- 
lizing near-field light. 

Propagated light 14 is generated by making a data 
mark 4 formed at a light transmitting layer at an upper 
portion of an information recording medium 3 compris- 
ing a two layer structure of the light transmitting layer 1 1 
and a light reflecting layer 1 2 and near-field light 5 gen- 
erated by irradiating laser beam 8 to a very small aper- 
ture 2 of a planer probe 1 carry out interaction. The prop- 
agated light 14 passes through the light transmitting lay- 
er 11, reflected by the light reflecting layer 12, passes 



through the light transmitting layer 11 again and is emit- 
ted from a surface of the information recording medium 
3. The propagated light 14 is received by light receiving 
elements 6 and 7 provided at the planer probe 1 and a 
reproduced signal is outputted. The propagated light 14 
follows an optical path at least twice as much as a thick- 
ness of the light transmitting layer 11 and can be re- 
ceived as light having a sufficiently large amount. Fur- 
ther, the propagated light reflected by the reflecting layer 
is made to irradiate the information recording medium 
as assist light and high density recording by near-fietd 
light can be carried out. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a medium for 
recording information reproducible by utilizing near-field 
light and an information reproducing apparatus and an 
Information recording and reproducing apparatus for re- 
producing information recorded in the information re- 
cording medium at a high density, particularly to an in- 
formation recording medium and an information repro- 
ducing apparatus capable of providing a reproduced 
signal having a large intensity and an information re- 
cording and reproducing apparatus having high reliabil- 
ity and capable of carrying out high-speed recording. 

BACKGROUND OF THE INVENTION 

[0002] A number of information reproducing appara- 
tus in the current state carry out information reproduc- 
tion with an object of a magnetic disk or an optical disk 
as an information recording medium, particularly, CD 
which is one of optical disks enables information record- 
ing at a high density and mass production at low cost 
and accordingly, is widely utilized as medium for record- 
ing information having a large capacity. CD is formed 
with pits having a size of a wavelength of laser beam 
used in reproduction and a depth of about a quarter of 
the wavelength on its surface to thereby enable reading 
operation utilizing an interference phenomenon of light. 
[0003] In reading recorded information from an optical 
disk represented by CD, generally, there is utilized a 
lens optical system used in an optical microscope. 
Hence, when information recording density is increased 
by reducing the size or the track pitch of a pit, due to a 
problem of a diffraction limit of light, the system runs into 
a wall that a spot size of laser beam cannot be made a 
half wavelength or smaller and an information recording 
unit cannot be constituted by a size smaller than the 
wavelength of laser beam. 

[0004] Further, not only in an optical disk but also in 
a magneto-optical disk recording information by a mag- 
neto-optical recording system and a phase change re- 
cording system, recording and reproduction of informa- 
tion at a high density is realized by a very small spot of 
laser beam and therefore, the information recording 
density is restricted by the diameter of the spot provided 
by focusing laser beam. 

[0005] Hence, In order to break though the restriction 
by the diffraction limit, there has been proposed an in- 
formation reproducing apparatus using an optical head 
provided with a very small aperture having a diameter 
equal to or smaller than the wavelength of laser beam 
utilized for reproduction, for example, about 1/10 of the 
wavelength and utilizing near-field light (including both 
of near-field light and far-field light) generated at the 
very small aperture portion. 

[0006] Inherently, there is provided a near-field micro- 



scope using a probe having the above-described very 
small aperture as an apparatus of utilizing near-field 
light and the near-field microscope is utilized for obser- 
vation of a very small surface structure of a sample. As 
5 one of near-field light utilizing systems in a near-field 
microscope, there is provided a system (illumination 
mode) in which a distance between a very small aper- 
ture of a probe and a surface of a sample is reduced to 
a degree of a diameter of the very small aperture of the 
10 probe and propagated light is introduced via the probe 
and toward the very small aperture of the probe, thereby, 
near-field light is generated at the very small aperture. 
In this case, scattered light produced by an interaction 
between the generated near-field light and the surface 
is of the sample, Is detected by a scattered light detecting 
system by being accompanied by intensity or phase re- 
flected with a fine structure of the surface of the sample 
and there is enabled observation having a high resolu- 
tion which cannot be realized by a conventional optical 
20 microscope. 

[0007] Further, as another system of a near-field mi- 
croscope utilizing near-field light, there is provided a 
system in which near-field light is localized at the surface 
of a sample by irradiating propagated light toward a 
25 sample and a very small aperture of a probe is made 
proximate to the surface of the sample up to a degree 
of the diameter of the very small aperture of the probe 
(collection mode). In this case, scattered light produced 
by interaction between the localized near-field light and 
30 the very small aperture of the probe, is introduced to a 
scattered light detecting system via the very small ap- 
erture of the probe by being accompanied by the inten- 
sity or phase reflected with a fine structure of the surface 
of the sample to thereby achieve observation having a 
35 high resolution. 

[0008] Information reproducing apparatus utilizing the 
above-described near-field light, utilizes these observa- 
tion systems in the near-field microscope and by utilizing 
the near-field light, information reproduction of an Infor- 
40 mation recording medium recorded with information at 
a higher density can be carried out 
[0009] In such an information reproducing apparatus, 
as a probe for reproducing information, there Is particu- 
larly proposed use of a planer probe without a sharp- 
45 ened front end. Fig. 1 4 is a view showing a conventional 
planer probe utilizing near-field light and an information 
recording medium. In Fig. 14, a planer probe 101 is 
formed with an aperture having an inverse pyramid 
structure on a planer substrate and particularly, an apex 
so portion of the aperture is penetrated by a very small ap- 
erture 102 having a diameter of several tens nanome- 
ters. According to the planer probe 101 , near-field light 
1 07 is generated at a vicinity of the very small aperture 
1 02 by irradiating laser beam 1 06 toward the very small 
55 aperture 102. 

[0010] The near-field light 1 07 is scattered by a data 
mark 105 particularly showing strong interaction be- 
tween the near-field light and the data mark and produc- 
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es propagated light 1 08 at an Information recording me- 
dium 1 04. The propagated light 1 08 is introduced to a 
light receiving element 103 provided at a vicinity of the 
very small aperture 102 of the planer probe 101 and is 
detected as a reproduced signal. 
[0011] As described above, the planer probe is con- 
structed by a constitution in which both of the very small 
aperture 1 02 for generating the near-field light 1 07 and 
the light receiving element 103 for detecting the propa- 
gated light 1 08 scattered from the data mark 1 05, are 
arranged on a side of a surface of the information re- 
cording medium 104 (reflection mode) and therefore, 
downsizing of an information reproducing apparatus 
can be achieved, further, the planer probe can be 
formed by using the semiconductor fabrication technol- 
ogy and accordingly, mass production having high re- 
producibility is realized and the planer probe is perti- 
nently used as an optical head of the information repro- 
ducing apparatus utilizing the near-field light. 
[001 2] Further, high density information recording can 
be carried out also by changing a state, for example, a 
crystal state of the surface of the information recording 
medium by interaction between the near-field light gen- 
erated from the probe and the information recording me- 
dium. 

[0013] However, in using the planer probe 101 , in or- 
der to provide the propagated light 108 scattered from 
the data mark 1 05, since the propagated light 1 08 is de- 
fined as light having a wavelength of several 1 00 nm, it 
is necessary to make a distance "a" from the data mark 
1 05 or the very small aperture 1 06 to the light receiving 
element 103 equal to or larger than the wavelength. In 
this case, a clearance "d" between the very small aper- 
ture 102 and the information recording medium 104 is 
generally provided with a value equal to or smaller than 
100 nm in order to achieve sufficiently large Interaction 
between the near-field light 107 generated at the very 
small aperture 102 and the data mark 105 on the infor- 
mation recording medium 104. Therefore, in the clear- 
ance "d", the propagated light 108 is detected oniy at a 
location separated from the data mark 1 05 by at least 
several 1 00 nm or more in a direction in parallel with the 
surface of the information recording medium 104. 
[0014] Generally, since the near-field light 107 is In- 
troduced from right above the data mark 1 05, an essen- 
tial intensity distribution of the propagated light 1 08 pro- 
duced by being scattered by the data mark 105, indi- 
cates a small value with respect to a component of the 
propagated light in the direction in parallel with the sur- 
face of the information recording medium 1 04. Further, 
since the clearance "d" is provided with a sufficiently 
small value, a light amount of the propagated light 108 
cannot be provided sufficiently. 
[0015] Further, as an information reproducing appa- 
ratus, there can be selected a constitution in which the 
substrate of the information recording medium 104 is 
formed by a light transmitting member and the propa- 
gated light 1 08 scattered from the data mark 105 is de- 



tected at a rear face of the information recording medi- 
um 1 04 (transmission mode), however, it is necessary 
to install a light receiving element on the rear face side 
of the information recording medium 104, which results 

5 in large-sized formation of the apparatus. 

[0016] Further, recording can be carried out also by 
generating near-field light by using the above-described 
planer type near-field optical head and changing, for ex- 
ample, a crystal state of a surface of an information re- 

10 cording medium as an information recording apparatus. 
In this case, ft is necessary to provide some assisting 
energy to the surface of the information recording^me- 
dium since the intensity of the near-field light is very 
weak. This is referred to as assist light. The assist light 

15 is Irradiated to the data mark by propagating the assist 
light in a direction right reverse to that of the propagated 
light 108 in Fig. 14, which provides energy at a level 
which is slightly smaller than the threshold of energy 
necessary for changing the state of the surface of the 

20 information recording medium. By adding energy of the 
near-field light irradiated from the near-field optical head 
to the energy of the assist light, there is provided the 
energy exceeding the above-described threshold and 
the state of the surface of the information recording me- 

25 dium is changed, which constitutes recording of infor- 
mation. 

[0017] In order to carry out information recording by 
such a method, It is necessary to irradiate assist light to 
the data mark stably with sufficient intensity, however, 

so similar to the propagated light in the information repro- 
ducing apparatus, there poses a problem that a space 
for propagating the assist light is insufficient. That is, it 
is necessary to make the near-field optical head and the 
surface of the information recording medium proximate 

35 to each other such that the both can carry out interaction 
by the near-field light and it is difficult that the assist light 
which is propagated light invades the smalt clearance. 
Therefore, the assist light having sufficient intensity can- 
not reach the data mark and the data mark cannot be 

40 provided with energy necessary for recording even by 
adding the near-field light from the near-field optical 
head. 

[001 8] In view of the above-described problems, it is 
an object of the invention to provide an information re- 

^5 cording medium capable of providing a reproduced sig- 
nal having a sufficiently large intensity of information re- 
corded at a high density, an information reproducing ap- 
paratus achieving downsized formation by the informa- 
tion recording medium and an information recording and 

so reproducing apparatus having high speed and high re- 
liability. 

DISCLOSURE OF THE INVENTION 

55 [0019] In order to achieve the above-described ob- 
ject, a first information recording medium according to 
the invention is characterized in that in an information 
recording medium formed with information reproduced 



4 



BNSDOCID:<EP 1115113A1 I > 



5 EP 1115 113 A1 6 



by a reproducing probe provided with a very small ap- 
erture for generating near-field light on a surface of the 
medium wherein the information recording medium 
comprises a two layer structure of a light transmitting 
layer for transmitting light and a light reflecting layer for 
reflecting light and a data mark constituting a unit of the 
Information is formed on the light transmitting layer. 
[0020] According to the invention , the first information 
recording medium comprises the two layer structure of 
the light transmitting layer comprising the light transmit- 

mAmK^r onW tKa HnKt raf\^r4inn lavor rrimnricinn thn 
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light reflecting member and the data mark is formed 
above the light reflecting layer and accordingly, the 
propagated light generated by the interaction between 
the near-field light and the data mark can be reflected 
by the light reflecting layer via the light transmitting layer 
and can be emitted from the surface of the information 
recording medium and a sufficiently large amount of the 
propagated light can be provided at the surface of the 
information recording medium at a position remote from 
the data mark. 

[0021] Further, a second information recording medi- 
um according to the invention in accordance with the 
first information recording medium according to the in- 
vention is characterized in that an interface between the 
light transmitting layer and the light reflecting layer is 
inclined in one direction. 

[0022] According to the invention, the second infor- 
mation recording medium comprises the two layer struc- 
ture of the light transmitting layer comprising the fight 
transmitting member and the light reflecting layer com- 
prising the light reflecting member, the interface be- 
tween the light transmitting layer and the light reflecting 
layer is inclined in one direction, the data mark is formed 
on the light transmitting layer and accordingly, the prop- 
agated light generated by the interaction between the 
near-field light and the data mark can be strongly reflect- 
ed in the one direction at the light reflecting layer via the 
light transmitting layer and can be emitted from the sur- 
face of the light recording medium and a sufficient 
amount of the propagated light can be provided at the 
surface of the information recording medium at a posi- 
tion remote from the data mark on the side of the inclined 
face of the light reflecting layer 1 . 
[0023] Further, a third information recording medium 
according to the invention in accordance with the first 
information recording medium according to the inven- 
tion is characterized in that a surface of the light reflect- 
ing layer constituting an interface between the light 
transmitting layer and the light reflecting layer, is formed 
in a shape of reflecting light incident on the light reflect- 
ing layer to a specific area. 

[0024] According to the invention, the third informa- 
tion recording medium comprises the two layer structure 
of the light transmitting layer comprising the light trans- 
mitting member and the light reflecting layer comprising 
the light reflecting member, the surface of light reflecting 
layer is formed in the shape achieving reflection of light 



to the specific area, the data mark 4 is formed on the 
light transmitting layer and accordingly, the propagated 
light generated by the interaction between the near-field 
light and the data mark, can pass the light transmitting 
5 layer, can be strongly reflected to the specific area at 
the light reflecting layer, can be emitted from the surface 
of the information recording medium and a sufficient 
amount of the propagated light can be provided at the 
specific area at a position remote from the data mark. 
10 [0025] Further, a fourth information recording medium 
according to the Invention in accordance with the third 
information recording apparatus according to the inven- 
tion is characterized in that the shape constitutes a dif- 
fraction grating. 
is [0026] According to the invention, the fourth Informa- 
tion recording medium comprises the two layer structure 
of the light transmitting layer comprising the light trans- 
mitting member and the light reflecting layer comprising 
the light reflecting member, the diffraction grating is 
20 formedatthesurfaceofthelightreflecting layer, thedata 
mark is formed on the light transmitting layer and ac- 
cordingly, the propagated light generated by the inter- 
action oUhenear-fieldJight and thedata mark can pass 
through the light transmitting layer, can be strongly re- 
25 fleeted to the specific area determined by the diffraction 
grating at the light reflecting layer and can be emitted 
from the surface of the information recording medium 
and a sufficient amount of the propagated light can be 
provided at the specific area at a position remote from 
30 the data mark. 

[0027] Further, a first information reproducing appa- 
ratus according to the invention is characterized in that 
in an information reproducing apparatus for reproducing 
information by a reproducing probe provided with a very 
35 small aperture for generating near-field light, the infor- 
mation reproducing apparatus comprising an informa- 
tion recording medium comprising a two layer structure 
of a light transmitting layer for transmitting light and a 
light reflecting layer for reflecting light and formed with 
40 a data mark constituting a unit of the information on the 
light transmitting layer, and light detecting means for de- 
tecting propagated light generated by an Interaction be- 
tween the near-field light and the data mark and output- 
ting a detected signal. 
45 [0028] According to the invention, there is used the 
information recording medium comprising the two layer 
structure of the light transmitting layer comprising the 
light transmitting member and the light reflecting layer 
comprising the light reflecting member and formed with 
50 the data mark on the light reflecting layer, the propagat- 
ed light provided by the information recording medium 
is received by the light detecting means, a reproduced 
signal having sufficiently large intensity indicating pres- 
ence or absence of the data mark can be provided and 
55 accordingly, there can be realized downsized formation 
of the apparatus in the case of adopting the illumination 
mode and a transmission mode constituting a system of 
information reproduction utilizing near-field light and 
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there can be reproduced stable information having high 
reliability by the reproduced signal having the sufficient- 
ly large Intensity. 

[0029] Further, a second Information reproducing ap- 
paratus according to the invention is characterized in 5 
that in an information reproducing apparatus for repro- 
ducing information by a reproducing probe provided with 
a very small aperture for guiding out propagated tight by 
an interaction with near-field light, the Information repro- 
ducing apparatus comprising an information recording 
medium comprising a two layer structure of a light trans- 
mitting layer for transmitting light and a light reflecting 
layer for reflecting light and formed with a data mark con- 
stituting a unit of the information on the light transmitting 
layer, and light irradiating means for irradiating irradia- 
tion light for generating the near-field tight at the data 
mark to the information recording medium. 
[0030] According to the invention, there is used the 
information recording medium comprising the two layer 
structure of the light transmitting layer comprising the 
light transmitting member and the light reflecting layer 
comprising the light reflecting member and formed with 
the data mark above the light reflecting layer, the prop- 
agated light provided by the information recording me- 
dium Is received by the light detecting means, a repro- 
duced signal having a sufficiently large intensity indicat- 
ing presence or absence of the data mark can be pro- 
vided and accordingly, there can be realized downsized 
formation of the apparatus in the case of adopting the 
collection mode and the transmission mode constituting 
the system of information reproduction utilizing near- 
field light and there can be reproduced stable informa- 
tion having high reliability by the reproduced signal hav- 
ing the sufficiently large intensity. 
[0031] Further, a third information reproducing appa- 
ratus according to the invention is characterized in that 
in an information reproducing apparatus for reproducing 
information by a reproducing probe provided with a very 
small aperture for generating near-field light, the infor- 
mation reproducing apparatus comprising an informa- 
tion recording medium comprising a two layer structure 
of a light transmitting layer for transmitting light and a 
light reflecting layer for reflecting light and formed with 
a data mark constituting a unit of the information on the 
light transmitting layer, first and second light detecting 
means for outputting detected signals by detecting prop- 
agated light generated by an interaction between the 
near-field light and the data mark and arranged on left 
and right sides of the very small aperture, difference cal- 
culating means for calculating a difference between a 
first detected signal outputted from the first light detect- 
ing means and a second detected signal outputted from 
the second light detecting means and outputting a dif- 
ference signal, reproducing probe position controlling 
means for controlling a position of the reproducing probe 
in accordance with the difference signal, and repro- 
duced signal generating means for generating a repro- 
duced signal by calculating to add the first detected sig- 



nal and the second detected signal. 
[0032] According to the invention, there Is used the 
information recording medium comprising the two layer 
structure of the light transmitting layer comprising the 
light transmitting member and the light reflecting layer 
comprising the light reflecting member and formed with 
the data mark above the light reflecting layer, the prop- 
agated light provided by the information recording me- 
dium can be detected in two direction relative to the very 
small aperture of the reproducing probe and there can 
be carried out tracking control of the reproducing probe 
by the difference between the detected two detected 
signals. Further, the near-field light generated at the 
very small aperture of the reproducing probe is utilized 
as a signal for tracking control and therefore, there can 
be carried out the tracking control having high accuracy 
with high positional resolution. 

[0033] Further, a fourth information reproducing ap- 
paratus according to the invention in accordance with 
any one of the first through the third information repro- 
ducing apparatus according to the invention, Is charac- 
terized in that the reproducing probe is a planer probe 
comprising a planer substrate formed with a hole in a 
shape of an inverse cone penetrated such that a top por- 
tion thereof constitutes the very smail aperture and ar- 
ranged with the light detecting means or the light Irradi- 
ating means at the planer substrate. 
[0034] According to the invention, as the reproducing 
probe, there is adopted the planer probe provided with 
the light detecting means or the light irradiating means 
and accordingly, further compact apparatus constitution 
is achieved. Further, the planer probe can be fabricated 
by using the semiconductor fabrication technology and 
accordingly, mass production having high reproducibil- 
ity can be carried out. 

[0035] Further, a fifth information reproducing appa- 
ratus according to the invention in accordance with the 
fourth information reproducing apparatus according to 
the invention, is characterized in that the reproducing 
probe carries out reproduction by a state of being in- 
clined relative to a surface of the information recording 
medium. 

[0036] According to the invention, the propagated 
light provided by the information recording medium 
comprising the two layer structure of the light transmit- 
ting layer and the light reflecting layer, is received by the 
light detecting means of the planer probe arranged to 
incline such that the clearance between the planer 
probe and the surface of the information recording me- 
dium becomes sufficiently large, there can be provided 
the reproduced signal having sufficiently large intensity 
indicating presence or absence of the data mark and 
accordingly, there is realized downsized formation of the 
apparatus in the case of adopting the transmission 
mode constituting one of the system of information re- 
production utilizing near-field light, further, there can be 
reproduced stable information having high reliability by 
the reproduce signal having the sufficiently large inten- 
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[0037] Further, a sixth information reproducing appa- 
ratus according to the invention in accordance with any 
one of the first through the third information reproducing 
apparatus according to the invention, is characterized s 
in that the reproducing probe comprises an optical fiber 
a front end of which is provided with the very small ap- 
erture. 

[0038] According to the invention, there can be uti- 
lized the probe of the optical fiber type used in a con- 

w/5r»+i/%r» ol ntio r_f itifrl rrt\r*rr\cr*r\r\e% ae frho ronrnrli i^tnn 
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probe and accordingly, accumulated technology of the 
near-field microscope is effectively applicable to the in- 
formation reproducing apparatus. 
[0039] Further, a seventh Information reproducing ap- 
paratus according to the invention in accordance with 
any one of the first through the third information repro- 
ducing apparatus according to the invention, is charac- 
terized in that the reproducing probe is a probe of a can- 
tilever type provided with the very small aperture at a 
projected portion thereof. 

[0040] According to the invention, there can be uti- 
lized the probe of the-cantilever4ype used in a conven- 
tional near-field microscope as the reproducing probe 
and accordingly, accumulated technology of the near- 
field microscope is effectively applicable to the informa- 
tion reproducing apparatus. 

[0041] Further, a first information recording and repro- 
ducing apparatus according to the invention is charac- 
terized in that in an information recording and reproduc- 
ing apparatus in which a recording and reproducing 
probe provided with a very small aperture for generating 
near-field light records and reproduces information to 
and from an information recording medium by carrying 
out an interaction between the recording and reproduc- 
ing probe and the Information recording medium via the 
near-field light wherein the Information recording medi- 
um comprises a two layer structure of a light transmitting 
layer for transmitting light and a light reflecting layer for 
reflecting light and formed with a data mark constituting 
a unit of the information on the light transmitting layer, 
the information recording and reproducing apparatus 
comprising near-field light generating light irradiating 
means for irradiating irradiation light for generating the 
near-field tight to the recording and reproducing probe, 
and propagated light irradiating means for irradiating 
light to the light reflecting layer such that the light is ir- 
radiated to an area at which the near-field light on the 
light transmitting layer carries out the interaction. 
[0042] According to the invention, the first information 
recording and reproducing apparatus comprises the 
light transmitting layer comprising the light transmitting 
member and the light reflecting layer comprising the 
light reflecting member and formed with the data mark 
above the light reflecting layer and accordingly, the data 
mark can be irradiated not only by the near-field light 
from the probe but by the light from the light reflecting 
layer and larger energy can be provided by the data 



mark. 

[0043] Further, according to a second information re- 
cording and reproducing apparatus according to the in- 
vention in accordance with the first information record- 
ing and reproducing apparatus according to the inven- 
tion, is characterized in that the light irradiated to the 
light reflecting layer Is provided with an Intensity and a 
wavelength for assisting the near-field light for recording 
the information. 

[0044] According to the invention, energy necessary 

fr\r InfnrmotlAn rar*r\rHinr* r*t* n Ha ritv»\/MoH nnt /tnlu K\/ 

the near-field light from the probe but also from assist 
light from the light reflecting layer and by changing a 
state of the surface of the information recording medium 
by controlling very weak near-field light, recording hav- 
ing high reliability can be carried out at high speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] Fig. 1 is a block diagram showing an outline 
constitution of an information reproducing apparatus ac- 
cording to Embodiment 1 of the invention. 
-[0046] Fig. 2 is a view for explaining in details, a plan- 
er probe and an information recording medium of the 
information reproducing apparatus according to Em- 
bodiment 1 of the invention. 

[0047] Fig. 3 is a view for explaining in details, a plan- 
er probe and an information recording medium of an in- 
formation reproducing apparatus according to Embodi- 
ment 2 of the invention. 

[0048] Fig. 4 is a view for explaining in details, a plan- 
er probe and an information recording medium of an in- 
formation reproducing apparatus according to Embodi- 
ment 3 of the invention. 

[0049] Fig. 5 is a view for explaining in details, a plan- 
er probe and an information recording medium of an in- 
formation reproducing apparatus according to Embodi- 
ment 4 of the invention. 

[0050] Fig. 6 is a view for explaining in details, a plan- 
er probe and an information recording medium of an in- 
formation reproducing apparatus according to Embodi- 
ment 5 of the invention. 

[0051] Fig. 7 is a view for explaining in details, a plan- 
er probe and an information recording medium of an in- 
formation reproducing apparatus according to Embodi- 
ment 6 of the invention. 

[0052] Fig. 8 is a view for explaining in details, a plan- 
er probe and an inf ormation recording medium of an in- 
formation reproducing apparatus according to Embodi- 
ment 7 of the invention. 

[0053] Fig. 9 is a block diagram showing an outline 
constitution of the information reproducing apparatus 
according to Embodiment 7 of the invention. 
[0054] Fig. 10 is a view for explaining in details, a 
planer probe and an information recording medium of 
an information reproducing apparatus according to Em- 
bodiment 8 of the invention. 

[0055] Fig. 1 1 is a viewfor explaining in details, a plan- 
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er probe and an information recording medium of other 
example of the information reproducing apparatus ac- 
cording to Embodiment 8 of the invention. 
[0056] Fig. 12 is a view for explaining in details, a 
pianer probe and an information recording medium of 
an information reproducing apparatus according to Em- 
bodiment 9 of the invention. 

[0057] Rg. 13 is a block diagram showing an outline 
constitution of the information reproducing apparatus 
according to Embodiment 9 of the invention. 
[0058] Fig. 14 is a view showing a planer probe and 
an information recording medium of a conventional art 
utilizing near-field light. 

[0059] Fig. 15 Is an enlarged view showing a head 
portion of an information recording and reproducing ap- 
paratus according to Embodiment 10 of the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0060] A detailed explanation will be given of embod- 
iments of an information recording medium, an informa- 
tion reproducing apparatus and an information record- 
ing and reproducing apparatus in reference to the draw- 
~irrg§~5s foiiows. *~ 

(Embodiment 1) 

[0061] Fig. 1 is a block diagram showing an outline 
constitution of an information reproducing apparatus ac- 
cording to Embodiment 1 of the invention. In Fig. 1 , the 
information reproducing apparatus according to Em- 
bodiment 1 is provided with a planer probe 1 for gener- 
ating near-field light, an information recording medium 
3 formed with a data mark 4 at a high density, light re- 
ceiving element 6 and 7 for receiving propagated light 
scattered by the data mark 4 and outputting electric sig- 
nals and an adding circuit 10 for carrying out adding op- 
eration by amplifying the respective electric signals out- 
putted from the light receiving elements 6 and 7 and out- 
putting a reproduced signal. 

[0062] Fig. 2 is a view for explaining in details, the 
planer probe 1 and the information recording medium 3. 
in Rg. 2, the planer probe 1 is formed with a very small 
aperture 2 having a size equal to or smaller than a wave- 
length of laser beam 8 introduced from a laser beam 
source (not illustrated), for example, a diameter of sev- 
eral tens nanometers for generating near-field light 5 at 
the very small aperture 2 by introducing the laser beam 
8. 

[0063] The near-field light 5 generated at the very 
small aperture 2 of the planer probe 1 , is scattered by a 
record mark 4 formed at the information recording me- 
dium 3 and the scattered light constitutes propagated 
light 14 which is incident on the light receiving elements 
6 and 7. In this case, the planer probe 1 as shown by 
Fig. 2 is formed by a silicon process used in the conven- 
tional semiconductor fabrication technology and the 
light receiving elements 6 and 7 comprise photodiodes 



integrated on a silicon wafer. Further, although in Fig. 2, 
in order to receive a sufficient amount of the propagated 
light 14, the two light receiving elements 6 and 7 are 
provided at vicinities of the very small aperture 2 and 
s symmetrically relative to the very small aperture 2, there 
may be constituted either one of the light receiving ele- 
ments. 

[0064] Further, the information recording medium 3 is 
constructed by a two layer structure of a light transmit- 
10 ting layer 11 comprising a light transmitting member and 
a light reflecting member 12 comprising a light reflecting 
member and the data mark 4 is formed on the light trans- 
mitting layer 11 . 

[0065] Therefore, most of the propagated light 14 pro- 
fs vided by interaction between the near-field light 5 gen- 
erated at the very small aperture 2 and the data mark 4, 
reaches a lower layer of the light reflecting layer 12 by 
passing through the light transmitting layer 11. That is, 
in the light transmitting layer 11, scattering of the near- 
20 field light by the above-described transmission mode is 
achieved. The propagated light 14 which has reached 
the light reflecting layer 12, is reflected by a surface of 
the light reflecting layer 12, specifically, an interface be- 
tween the'light transmitting layer 11 arid the light reflect- 
25 |ng layer 12, passes through the light transmitting layer 

11 again and is emitted from the surface of the informa- 
tion recording medium 3. 

[0066] Thereby, the propagated light 14 scattered at 
the data mark 4, follows an optical path having a dis- 

30 tance at least twice as much as a thickness of the light 
transmitting layer 11 and by sufficiently thickening the 
thickness of the light transmitting layer 11 , an amount of 
the propagated light 14 emitted from the surface of the 
information recording medium 3 can be increased. That 

35 &, an amount of the propagated light 14 which can be 
received by the light receiving elements 6 and 7 is also 
increased and a reproduced signal having large inten- 
sity can be provided. 

[0067] As has been explained, according to the infor- 
40 matlon recording medium according to Embodiment 1 , 
the information recording medium is constructed by the 
two layer structure of the light transmitting layer 1 com- 
prising a light transmitting member and the light reflect- 
ing layer 12 comprising a light reflecting member, the 
45 data mark 4 is formed above the light reflecting layer 1 2 
and therefore, the propagated light 14 scattered at the 
data mark 4 can be reflected by the light reflecting layer 

1 2 via the light transmitting layer 1 1 and can be emitted 
from the surface of the information recording medium 3 

so and a sufficiently large amount of the propagated light 
14 can be provided at a position remote from the data 
mark 4 and above the information recording medium 3. 
Further, according to the information reproducing appa- 
ratus according to Embodiment 1 , the propagated light 
14 provided by the above-described information record- 
ing medium 3 can be received by the light receiving el- 
ements 6 and 7 of the planer probe 1 , the reproduced 
signal having a sufficiently large intensity indicating 
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presence or absence of the data mark 4 can be provided 
and therefore, the downsized formation of the apparatus 
in the case of adopting the above-described transmis- 
sion mode can be achieved, further, there can be repro- 
duced stable information having high reliability by the 
reproduced signal having sufficiently large intensity. 

(Embodiment 2) 

[0068] Next, an explanation will be given of an infor- 
mation record Lng medium and an information reproduc- 
ing apparatus according to Embodiment 2. The informa- 
tion reproducing apparatus according to Embodiment 2 
differs from the information reproducing apparatus ac- 
cording to Embodiment 1 In a constitution of a planer 
probe and a constitution of an information recording me- 
dium. Other apparatus constitution is similar to that in 
Fig. 1 and accordingly, an explanation thereof will be 
omitted here. 

[0069] Fig. 3 is a view for explaining in details, the 
planer probe 1 and an information recording medium 23 
of the information reproducing apparatus according to 
—Embodiment 2. In Fig. 3, the planer probe 1 differs from 
the planer probe according to Embodiment 1 in provid- 
ing only the light receiving element 6 for receiving the 
propagated light 14. 

[0070] Further, although the information recording 
medium 23 is constructed by a two layer structure of a 
light transmitting layer 21 comprising a light transmitting 
member and a light reflecting layer 22 comprising a light 
reflecting member, as shown by Fig. 3, an interface be- 
tween the light transmitting layer 21 and the light reflect- 
ing layer 22, is inclined in one direction orthogonal to a 
reading direction (or scanning direction) of the planer 
probe 1 and in parallel with the surface of the Information 
recording medium 3. 

[0071] Therefore, most of the propagated light 14 pro- 
vided by the interaction between the near-field light 5 
generated at the very small aperture 2 and the data mark 
4, passes through the light transmitting layer 21 and 
reaches a lower layer of the light reflecting Iayer22. That 
Is, in the light transmitting layer 21 , scattering of the 
near-field light by the above-described transmission 
mode is achieved. Further, the propagated light 14 
which has reached the light reflecting layer 22, is strong- 
ly reflected in the direction of the inclined face of the light 
reflecting layer 22 at the surface of the light reflecting 
layer 22, specifically, the interface between the light 
transmitting layer 22 and the light reflecting layer 12, 
passes through the light transmitting layer 1 1 again and 
is emitted from the surface of the information recording 
medium 23. That is, most of the propagated light 14 Is 
emitted from the surface of the information recording 
medium 23 on the side of the inclined face of the light 
reflecting layer 22 relative to the data mark 4. 
[0072] Thereby, the propagated light 14 scattered by 
the data mark 4 follows an optical path having a distance 
at least twice as much as a thickness of the light trans- 



mitting layer 21 right below the data mark 4 and by suf- 
ficiently thickening the thickness of the light transmitting 
layer 21 , an amount of the propagated light 14 emitted 
from the surface of the information recording medium 

5 23 can be increased. Further, since the interface be- 
tween the light transmitting layer 21 and the light reflect- 
ing layer 22, specifically, the surface of the light reflect- 
ing layer 22 is inclined, the direction of reflecting the 
propagated the light 14 can be determined. That is, the 

10 light receiving element 6 of the planer probe 1 is ar- 
ranged on the side of the inclined face of the light re- 
flecting layer 22 relative to the very small aperture 2 and 
receives a sufficient amount of the propagated light 14 
and a reproduced signal having large intensity can be 

is provided. 

[0073] As has been explained above, according to the 
information recording medium according to Embodi- 
ment 2, the information recording medium is construct- 
ed by the two layer structure of the fight transmitting lay- 
20 er 21 comprising a light transmitting member and the 
light reflecting layer 22 comprising a light reflecting 
member, further, the interface between the light trans- 
mitting layer 21 aritJ the light reflecting layer 22 is in- 
clined in one direction, the data mark 4 is formed on the 
25 light transmitting layer 22 and accordingly, the propa- 
gated light 14 scattered at the data mark 4, can pass 
through the light transmitting layer 21, can be strongly 
reflected in one direction at the tight reflecting layer 22 
and can be emitted from the surface of the information 
30 recording medium 23. Thereby, a sufficiently large 
amount of the propagated light 14 can be provided at a 
position remote from the data mark 4 to the side of the 
inclined face of the light reflecting layer 22 and at the 
surface of the information recording medium 23. Fur- 
35 ther, according to the information reproducing appara- 
tus according to Embodiment 2, the propagated tight 14 
provided by the above-described information recording 
medium 23, is received at the light receiving element 6 
of the planer probe 1 , a reproduced signal having suffi- 
ce ciently large intensity indicating presence or absence of 
the data mark 4 can be provided and therefore, down- 
sized formation of the apparatus in the case of adopting 
the above-described transmission mode can be utilized, 
further, stable information having high reliability by the 
45 reproduced signal having the sufficiently large intensity 
can be reproduced. 

(Embodiment 3) 

so [0074] Next, an explanation will be given of an infor- 
mation recording medium and an information reproduc- 
ing apparatus according to Embodiment 3. The informa- 
tion reproducing apparatus according to Claim 3 differs 
from the information reproducing apparatus according 

55 to Claim 1 only in a constitution of an information record- 
ing medium. Other apparatus constitution is similar to 
that in Fig. 1 and accordingly, an explanation thereof will 
be omitted here. 
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[0075] Fig. 4 is a view for explaining in details, the 
planer probe 1 and an information recording medium 33. 
In Fig. 4, the information recording medium 33 is con- 
structed by a two layer structure of a light transmitting 
layer 31 comprising a light transmitting member and a 
light reflecting member 32 comprising a light reflecting 
member, particularly, an interface between the light 
transmitting layer 31 and the light reflecting layer 32, 
specifically, the surface of the light reflecting layer 32, is 
formed by two recess portions constituting left and right 
symmetry relative to an axis passing through the data 
mark 4 and along a reading direction (or scanning direc- 
tion) of the planer probe 1 . 

[0076] Further, each of the recess portions is consti- 
tuted by a shape in which the propagated light 14 scat- 
tered from the data mark 4 and passing through the light 
transmitting layer 31 , is reflected toward a certain spe- 
cific area on the information recording medium 33 dis- 
posed right above the recess portion. 
[0077] Therefore, most of the propagated light 14 pro- 
vided by interaction between the near-field light 5 gen- 
erated at the very small aperture 2 and the data mark 4, 
passes through the light transmitting layer 31 and reach- 
es a lower layer of the light reflecting layer 32, reflected 
toward the above-described specific areas at the re- 
spective recess portions of the light reflecting layer 32 
and emitted from the surface of the information record- 
ing medium 33. 

[0078] Thereby, the propagated light 14 scattered 
from the data mark 4, follows an optical path having a 
distance at least twice as much as a thickness of the 
light transmitting layer 31 right below the data mark 4 
and by sufficiently thickening a thickness of the light 
transmitting layer 31 , an amount of the propagated light 
1 4 emitted from the surface of the information recording 
medium 33 can be increased. Further, the interface be- 
tween the light transmitting layer 31 and the light reflect- 
ing layer 32, specifically, the surface of the light reflect- 
ing layer 12 is formed by the two recess portions and 
accordingly, directions of reflecting the propagated light 
14 can be determined by the respective recess portions. 
That is, the light receiving elements 6 and 7 of the planer 
probe 1 are arranged to dispose at the above-described 
specific areas determined by the respective recess por- 
tions in a state of being proximate to the surface of the 
information recording medium 33 and receive a suffi- 
cient amount of the propagated light 14 and can output 
a reproduced signal having large intensity. 
[0079] As has been explained above, according to the 
information recording medium according to Embodi- 
ment 3, the information recording medium is construct- 
ed by the two layer structure of the light transmitting lay- 
er 31 comprising a light transmitting member and the 
light reflecting member 32 comprising a light reflecting 
member, further, the surface of the light reflecting mem- 
ber 32 is formed by the two recess portions, the data 
mark 4 is formed on the light transmitting layer 31 and 
accordingly, the propagated light 1 4 scattered at the da- 



ta mark 4 can strongly be reflected toward the specific 
areas determined by the respective specific portions in 
the light reflecting iayer32 via the light transmitting layer 
31 and can be emitted from the surface of the informa- 

5 tion recording medium 33. Thereby, a sufficiently large 
amount of the propagated light 14 can be provided at 
the surface of the information recording medium 33 at 
distances from the data mark 4. Further, according to 
the information reproducing apparatus according to Em- 

10 bodiment 3, the propagated light 14 provided by the 
above-described information recording medium 33 is re- 
ceived by the light receiving elements 6 and 7 of the 
planer probe 1 , a reproduced signal having sufficiently 
large intensity indicating presence or absence of the da- 

15 ta mark 4 can be provided and accordingly, downsized 
formation of the apparatus in the case of adopting the 
above-described transmission mode can be used, fur- 
ther stable Information having high reliability by the re- 
produced signal having the sufficiently large intensity 

20 can be reproduced. 

(Embodiment 4) 

[0080] Next, an explanation will be given of an infor- 
ms mation recording medium and an information reproduc- 
ing apparatus according to Embodiment 4. The informa- 
tion reproducing apparatus according to Embodiment 4 
differs fromthe information reproducing apparatus ac- 
cording to Embodiment 1 only in a constitution of an in- 
30 formation recording medium. Other apparatus constitu- 
tion issimilartothatin Fig. 1 and accordingly, an expla- 
nation thereof will be omitted here. 
[0081] Fig. 5 is a view for explaining in details, the 
planer probe 1 and an information recording medium 43 
35 of the information reproducing apparatus according to 
Embodiment 4. In Fig. 5, the information recording me- 
dium 43 is constructed by a two layer structure of a light 
transmitting layer 41 comprising a light transmitting 
member and a light reflecting layer 42 comprising light 
40 reflecting member, particularly, a diffraction grating is 
formed at an interface between the light transmitting lay- 
er 41 and the light reflecting layer 42, specifically, the 
surface of the light reflecting layer 42. 
[0082] The diffraction grating on the surface of the 
45 light reflecting layer 42 is formed such that the propa- 
gated light 1 4 scattered by the data mark 4 and passing 
through the light transmitting layer 41, is reflected to- 
ward certain specific areas above the information re- 
cording medium 43. For example, as shown by Fig. 5, 
50 the specific areas are two areas constituting left and 
right symmetry relative to an axis passing through the 
data mark 4 and along a reading direction (or scanning 
direction) of the planer probe 1 above the information 
recording medium 43. 
55 [0083] Therefore, most of the propagated light 14 pro- 
vided by interaction between the near-field light 5 gen- 
erated at the very small aperture 2 and the data mark 4, 
passes through the light transmitting layer 41 and reach- 
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es a lower layer of the light reflecting layer 42, is strongly 
reflected toward the above-described specific areas at 
the diffraction grating of the light reflecting layer 42 and 
is emitted from the surface from the information record- 
ing medium 43. 

[0084] Thereby, the propagated light 14 scattered 
from the data mark 4, follows an optical path having a 
distance at least twice as much as a thickness of the 
light transmitting layer 41 right below the data mark 4 
and by sufficiently thickening the thickness of the light 

uaiwniiuiiiy iujtvi -r ■ | v»i ■ u* w^*u*jutw M^t 1 1 

1 4 emitted from the surface of the information recording 
medium 43 can be increased. Further, since the diffrac- 
tion grating is formed at the surface of the light reflecting 
layer 42, the direction of reflecting the propagated light 
14 can be determined with high accuracy by the diffrac- 
tion grating. That is, the light receiving elements 6 and 
7 of the planer probe 1 are arranged to dispose at the 
above-described specific areas determined by the dif- 
fraction grating in a state in which the planer probe 1 is 
proximate to the surface of the information recording 
medium 43 and receives a sufficiently large amount of 
the propagated fight 14 and a reproduced signal tiaving 
large intensity can be provided. 
[0085] As has been explained above, according to the 
information recording medium according to Embodi- 
ment 4, the information recording medium is construct- 
ed by the two layer structure of the light transmitting lay- 
er 41 comprising a light transmitting member and the 
light reflecting layer 42 comprising a light reflecting 
member, the diffraction grating is formed at the surface 
of the Jight reflecting layer 42, the data mark 4 is formed 
on the light transmitting layer 41 and accordingly, the 
propagated light 14 scattered at the data mark 4, can 
strongly be reflected toward the specific areas deter- 
mined by the diffraction grating at the light reflecting lay- 
er 42 via the light transmitting layer 41 and can be emit- 
ted from the surface of the information recording medi- 
um 43. Thereby, a sufficiently large amount of the prop- 
agated light 1 4 can be provided at positions remote from 
the data mark 4 and above the information recording 
medium 43. Further, according to the information repro- 
ducing apparatus according to Embodiment 4, the prop- 
agated light 1 4 provided by the above-described infor- 
mation recording medium 43, is received by the light re- 
ceiving elements 6 and 7 of the planer probe 1 , the re- 
produced signal having sufficiently large intensity indi- 
cating presence or absence of the data mark 4 can be 
provided and accordingly, downsized formation of the 
apparatus in the case of adopting the above-described 
transmission mode can be utilized, further, stable infor- 
mation having high reliability by the reproduced signal 
having the sufficiently large Intensity can be reproduced. 

(Embodiment 5) 

[0086] Next, an explanation will be given of an infor- 
mation recording medium and an information reproduc- 



ing apparatus according to Embodiments. The informa- 
tion reproducing apparatus according to Embodiments 
differs fromthe information reproducing apparatus ac- 
cording to Embodiment 1 in the constitution of the planer 

5 probe and arrangement thereof with respect to the in- 
formation recording medium. Other apparatus constitu- 
tion issimitartothat in Fig. 1 and accordingly, an expla- 
nation thereof will be omitted here. 
[0087] Fig. 6 is a view for explaining In details, the 

10 planer probe 1 and the information recording medium 3 

r\f ffiA InfnrmatlAn ranrrsAi irlnn onnaratiie fl/w\rHtnn tr\ 

Embodiment 5. In Fig. 6, the planer probe 1 differs from 
the planer probe according to Embodiment 1 in that only 
the light receiving element 6 is provided for receiving the 

15 propagated light 14. Further, the information recording 
medium 3 Is the same as the information recording me- 
dium explained in Embodiment 1 . 
[0088] A significant characteristic of the information 
reproducing apparatus according to Embodiment S re- 

20 sides in that as shown by Fig. 6, the planer probe 1 is 
used to incline relative to the surface of the information 
recording medium 3. Particularly, the planer probe 1 is 
-inclined such that a distance^hereof from the surface of 
the information recording medium 3 becomes larger on 

25 a side thereof arranged with the light receiving element 
6 than a side thereof which is not arranged with the light 
receiving element 6. 

[0089] Therefore, most of the propagated light 1 4 pro- 
vided by the interaction between the near-field light 5 
30 generated at the very small aperture 2 and the data mark 
4, passes through the light transmitting layer 11, reach- 
es the light reflecting layer 12 at the lower layer, reflect- 
ed at the surface of the light reflecting layer 1 2, passes 
through the light transmitting layer 11 again and is emit- 
as ted from the surface of the information recording medi- 
um 3. 

[0090] Thereby, the propagated light 14 scattered 
from the data mark 4, follows an optical path having a 
distance of at least twice as much as the thickness of 

40 the light transmitting layer 1 1 right below the data mark 
4 and an amount of the propagated light 1 4 emitted from 
the surface of the information recording medium 3 can 
be Increased. Further, according to the planer probe 1 , 
the side arranged with the light receiving element 6 is 

45 utilized by being inclined such that the clearance be- 
tween the planer probe 1 and the surface of the infor- 
mation recording medium 3 becomes sufficiently large 
and accordingly, on the side of the light receiving ele- 
ment 6, the propagated light 14 which has followed the 

so optical path which is increased by the clearance, is re- 
ceived and a reproduced signal having large intensity 
can be outputted. Therefore, in this case, a large amount 
of the propagated light 14 can be detected without en- 
larging the thickness of the light transmitting layer 11 . 

55 [0091] As has been explained above, according to the 
information reproducing apparatus according to Em- 
bodiment 5, the propagated light 14 provided by the in- 
formation recording medium 3 comprising the two layer 
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structure of the light transmitting layer 11 and the light 
reflecting layer 12, is received at the light receiving ele- 
ment 6 of the planer probe 1 arranged to be inclined 
such that the clearance between the planer probe 1 and 
the surface of the information recording medium 3 be- 
comes sufficiently large, the reproduced signal having 
sufficiently large intensity indicating presence or ab- 
sence of the data mark 4, can be provided and therefore, 
there is utilized downsized formation of the apparatus 
in the case of adopting the above-described transmis- 
sion mode, further, stable reproduction of information 
having high reliability can be carried out by the repro- 
duced signal having sufficiently large intensity. 

(Embodiment 6) 

[0092] Next, an explanation will be given of an infor- 
mation reproducing apparatus according to Embodi- 
ment 6. According to the information reproducing appa- 
ratus according to Embodiment 6, in the information re- 
producing apparatus according to Embodiments 1 
through 5, described above, the constitution of the plan- 
er probe 1 is changed. Other apparatus constitution is 
similar to that in Fig. 1 and accordingly) an explanation 
thereof will be omitted here. 

[0093] Fig. 7 is a view for explaining In details, the 
planer probe 1 and the information recording medium 3 
of the information reproducing apparatus according to 
Embodiment 6. In Fig. 7, according to the planer probe 
1 , the light receiving elements 6 and 7 are arranged on 
an upper face side of the planer substrate for receiving 
the propagated light 14 and the respective light receiv- 
ing elements receive the propagated light 14 introduced 
from the lower face of the planer substrate via optical 
wave guide paths 1 6 and 1 7 provided to connect to low- 
er portions thereof . By arranging the light receiving ele- 
ments 6 and 7 at the upper face of the planer substrate 
constituting a base member of the planer probe 1 , con- 
nection of electric wirings for taking out reproduced sig- 
nals outputted from the respective light receiving ele- 
ments can be facilitated. 

[0094] Further, although in Fig. 7, as the information 
recording medium, there is shown the information re- 
cording medium 3 according to Embodiment 1, there 
can be used the information recording media 23, 33 and 
43 explained in Embodiments 2 through 4. 
[0095] As has been explained above, according to the 
information reproducing apparatus according to Em- 
bodiment 6, in the planer probe 1 , the light receiving el- 
ements 6 and 7 are arranged at the upper face of the 
planer substrate, the optical wave guide paths 1 6 and 
17 are provided to connect to the lower portions of the 
respective light receiving elements and accordingly, in 
addition to effects in the information reproducing appa- 
ratus according to Embodiments 1 through 5, connec- 
tion of electric wirings for taking out reproduced signals 
outputted from the respective fight receiving elements 
can be facilitated. 



(Embodiment 7) 

[0096] Next, an explanation will be given of an infor- 
mation reproducing apparatus according to Embodi- 

5 ment 7. According to the information reproducing appa- 
ratus according to Embodiment 7, in the information re- 
producing apparatus according to Embodiments 1 
through 4, described above, the constitution adopting 
the illumination mode of introducing the laser beam 8 

10 toward the very small aperture 2 of the planer probe 1 
and generating the near-field light 5 at the very small 
aperture 2, is changed to a constitution of adopting a 
collection mode of irradiating the laser beam toward the 
data mark 4 and generating the near-field light 5 on the 

is data mark 4. 

[0097] Fig. 8 is a view for explaining In details, a plan- 
er probe 51 and the information recording medium 3 of 
the information reproducing apparatus according to Em- 
bodiment 7. In Fig. 8, the planer probe 51 is provided 

so with light emitting elements 52 and 53 for irradiating la- 
ser beam 54 symmetrically with respect to the very small 
aperture 2. 

[0098] A significant characteristic of the Information 
" reproducing apparatus according to Embodiment 7 re- 

25 sides in that by adopting the information recording me- 
dium 3 comprising the two layer structure of the light 
transmitting layer 1 1 and the light reflecting layer 1 2, as 
shown by Fig. 8, generation of the near-field Dght 5 on 
the data mark 4 is achieved by irradiating the laser beam 

30 54 from the light emitting elements 52 and 53 toward the 
light reflecting layer 1 2 without directly irradiating the la- 
ser beam 54 to the data mark 4. That is, according to 
the information reproducing apparatus according to Em- 
bodiment 7, reproduction of information by the collection 

35 mode and the transmission mode can be carried out. 
[0099] Fig. 9 is a block diagram showing an outline 
constitution of the information reproducing apparatus 
according to Embodiment 7. In Fig. 9, the information 
reproducing apparatus according to Embodiment 7, is 

^0 provided with the above-described planer probe 5 1 , the 
above- described information recording medium 3, an 
optical detector 56 for detecting propagated light de- 
rived at the planer probe 51 and an amplifying circuit 57 
for amplifying an electric signal outputted from the opti- 

45 cal detector 56 and outputting the signal as a repro- 
duced signal. 

[0100] According to the operation of the information 
reproducing apparatus according to Embodiment 7, 
firstly, the laser beam 54 is emitted from the light emitting 

50 elements 52 and 53 by an irradiation angle achieving 
irradiation of the laser beam 54 to the data mark 4 finally 
efficiently in consideration of reflection at the light re- 
flecting layer 12. The laser beam 54 emitted from the 
light emitting elements 52 and 53 is introduced to the 

55 light transmitting layer 1 1 , reflected at the surface of the 
light reflecting layer 12, specifically, the interface be- 
tween the light transmitting layer 11 and the light reflect- 
ing layer 1 2 and reaches the rearf ace portion of the data 
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mark 4 again via the transmitting layer 11 . At the upper 
face of the data mark 4 irradiated with the laser beam 
54, the near-field lights is generated and introdjuced as 
propagated light 55 by the very small aperture 2 of the 
planer probe 1 . The propagated light 55 is received by 
the optical detector 56 and is converted Into an electric 
signal. The optical detector 56 inputs the provided elec- 
tric signal to the amplifying circuit 57 and at the ampli- 
fying circuit 57, the electric signal is amplified and out- 
putted as a reproduced signal indicating presence or ab- 
sence of the data mark 4. 

[0101] Further, although in Figs. 8 and 9 t as the infor- 
mation recording medium, there is shown the informa- 
tion recording medium 3 according to Embodiment 1, 
the information recording media 23 , 33 and 43 ex- 
plained in Embodiments 2 through 4 can be used. 
[01 02] As explained above, according to the informa- 
tion reproducing apparatus according to Embodiment 7, 
by providing the light emitting elements 52 and 53 at the 
planer probe 1 and irradiating the laser beam 54 to the 
information recording medium 3 comprising the two lay- 
er structure of the light transmitting layer 11 and the light 

reflecting layer 1 2T-laser- beam-irradiation from the rear 

face of the data mark 4 can be achieved, the near-field 
light 5 can be generated on the data mark 4 and accord- 
ingly, there can be provided the information reproducing 
apparatus utilizing the near-field light as the collection 
mode and the transmission mode. 

(Embodiments) 

[0103] Next, an explanation will be given of an infor- 
mation reproducing apparatus according to Embodi- 
ment 8. Although in the case of the information repro- 
ducing apparatus according to Embodiment 7, in the in- 
formation reproducing apparatus according to Embodi- 
ments 1 through 7, described above, as the reproducing 
probe, a planer probe is adopted, in place thereof, there 
can be utilized a probe used in a conventional near-field 
microscope. For example, there can be utilized an opti- 
cal fiber probe comprising an optical fiber which is pro- 
vided with a very small aperture at a front end thereof 
and a surface of which is coated with a metal, or a can- 
tilever type optical probe having a very small aperture 
to which laser beam is introduced via an optical wave 
guide path, at a front end thereof. 
[0104] Fig. 10 is a view for explaining in details, an 
optical fiber probe 61 and the information recording me- 
dium 3 of the information reproducing apparatus in the 
case of adopting an optical fiber probe as a reproducing 
probe. In this case, there are arranged optical detectors 
66 and 67 along with an optical lens system (not illus- 
trated) at the vicinities of the optical fiber probe 61 and 
the propagated light 1 4 is detected by the optical detec- 
tors 66 and 67. Although the optical fiber probe 61 is 
generally coated with a light shielding film 63 for reduc- 
ing transmission loss of laser beam 68, by presence of 
the light shielding film 63, the propagated light 14 gen- 



erated at the vicinity of the very small aperture 72 cannot 
be provided sufficiently and with regard to a convention- 
al information recording medium, a sufficient amount of 
the propagated light 14 cannot be generated at the data 

5 mark 4 thereby. That is, the optical fiber probe 61 also 
poses a problem similar to that in the case of adopting 
the planer probe as a reproducing probe. 
[0105] However, by adopting the information record- 
ing medium 3 according to the invention as the informa- 

10 tion recording medium, as has been explained In Em- 
bodiment i. the propagated light 14 can be increased 
as a result and reproduced signals having large inten- 
sities can be outputted at the optical detectors 66 and 
67. 

is [0106] Fig. 11 is a view for explaining In details, a can- 
tilever type optical probe 71 and the information record- 
ing medium 3 of an information reproducing apparatus 
in the case of adopting the cantilever type optical probe 
as a reproducing probe. In this case, an optical detector 
20 76 is provided at a lower face of a lever portion of the 
optical probe 71 of the cantilever type and the propagat- 
ed light 14 is detected by the optical detector 76. The 
- -cantilever type optical probe 71 is provided with an op- 
tical wave guide path 74 introduced to a very small ap- 
25 erture 72 at an inner portion thereof and laser beam 78 
is introduced to the very small aperture 72 via the optical 
wave guide path 74. Further, similar to the above-de- 
scribed optical probe 61 , the cantilever type optical 
probe 71 is coated with a light shielding film 73 for re- 
st) ducing transmission loss of the laser beam 78, by pres- 
ence of the light shielding film 73, the propagated light 
1 4 generated at a vicinity of the very small aperture 72 
cannot be provided sufficiently and with respect to a 
conventional information recording medium, a sufficient 
35 amount of the propagated light 1 4 cannot be generated 
at the data mark 4 thereby. That is, the cantilever type 
optical probe 71 also poses a problem similar to that In 
the case of adopting the planer probe as a reproducing 
probe. 

40 [01 07] However, also in this case, by adopting the in- 
formation recording medium 3 according to the inven- 
tion as the information recording medium, as has been 
explained in Embodiment 1 , the propagated light 14 can 
be increased as a result and a reproduced signal having 

45 a large intensity can be outputted at the optical detector 
76. 

[0108] Further, although In Figs. 1 0 and 1 1 , as the in- 
formation recording medium, there is shown the infor- 
mation recording medium 3 according to Embodiment 

so 1 , the information recording media 23, 33 and 43 ex- 
plained in Embodiments 2 through 4 can be used. 
[0109] As has been explained above, according to the 
information reproducing apparatus according to Em- 
bodiment 8, effects similar to those in Embodiments 1 

55 through 4 can be achieved also in the case of adopting 
the optical fiber probe 61 or the cantilever type optical 
probe 71 as the reproducing probe. 
[0110] Further, although in Figs. 1 0 and 1 1 , the optical 
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fiber probe 61 or the cantilever type optical probe 71 is 
respectively shown to carry out the Illumination mode, 
the collection mode is also applicable as explained in 
Embodiment 7. 

(Embodiment 9) 

[0111] Next, an explanation will be given of an infor- 
mation reproducing apparatus according to Embodi- 
ment 9. According to the information reproducing appa- 
ratus according to Embodiment 9, in the information re- 
producing apparatus according to Embodiment 3 and 4, 
described above, tracking control can further be carried 
out. 

[01 1 2] Fig. 1 2 a view for explaining in details, the plan- 
er probe 1 and an information recording media 33 of the 
information reproducing apparatus according to Em- 
bodiment 9. In Fig. 9, the planer probe 1 is similar to that 
explained in Embodiment 1 and there are provided the 
light receiving elements 6 and 7 for receiving the prop- 
agated light 1 4 symmetrically with respect to the very 
small aperture 2. 

[01 13] Further, as explained in Embodiment 3, the in- 
formation recording medium 33 is formed with a fight re- 
flecting layer 32 for specifying reflecting positions of the 
propagated light 14. Therefore, the light receiving ele- 
ments 6 and 7 are previously provided at positions 
equalizing both light receiving amounts (generated elec- 
tric signals) of the propagated light 14 when the very 
small aperture 2 is arranged at a position at which a cen- 
tral axis of the very small aperture 2 along a reading 
track and a central axis of the data mark 4 coincide with 
each other. Further, the reading track in this case is a 
direction of arranging the data mark 4 for dealing with 
data as continuous significant information in the infor- 
mation recording medium 3. 

[01 1 4] Therefore, as shown by Fig. 1 2, when the very 
small aperture 2 is arranged at a position at which the 
central axis along the reading track and the central axis 
of the data mark 4 are deviated from each other, there 
is produced a difference between electric signals gen- 
erated at the light receiving elements 6 and 7. It is the 
characteristic of the Information reproducing apparatus 
according to Embodiment 9 to control to position the 
planer probe 1 based on a difference signal caused by 
the difference. 

[0115] Fig. 13 is a block diagram showing an outline 
constitution of an information reproducing apparatus ac- 
cording to Embodiment 9. In Fig. 13, the information re- 
producing apparatus according to Embodiment 9, is pro- 
vided with the above-described planer probe 1 for gen- 
erating near-field light, the above-described information 
recording medium 3, the light receiving elements 6 and 
7 for outputting electric signals by receiving the propa- 
gated light 14 scattered by the data mark 4 of the infor- 
mation recording medium 3, a difference circuit 81 for 
outputting a difference signal by calculating a difference 
between the respective electric signals outputted from 



the light receiving elements 6 and 7, a tracking signal 
generator 82 for generating and outputting a tracking 
signal from the difference signal outputted from the dif- 
ference circuit 81 , an actuator 83 for controlling a posi- 

5 tion of the reproducing probe in accordance with the 
tracking signal outputted from the tracking signal gen- 
erator 82 and an adding circuit 80 for generating a re- 
produced signal by adding the respective electric sig- 
nals outputted from the light receiving elements 6 and 7. 

10 [0116] First, as shown by Fig. 12, when the central 
axis of the very small aperture 2 in parallel with the read- 
ing track is disposed to deviate in the left direction rela- 
tive to the reading track of the information recording me- 
dium 3, the near-field light 5 is scattered further strongly 

is on the right side of the data mark 4 and the propagated 
light 14 generated thereby is also incident strongly on 
the recess portion on the left side of the light reflecting 
layer 1 2. That is, the electric signal outputted at the light 
receiving element 6 indicates a signal larger than the 

20 electric signal outputted at the light receiving element 7. 
[0117] As described above, the electric signals are in- 
putted to the difference circuit 81 and the difference sig- 
nal is generated there. The magnitude of the difference 
signal indicates a degree of deviation between the plan- 
ts er probe 1 and the reading track and the difference sig- 
nal is converted into a tracking signal by being inputted 
to the tracking signal generator 82. The tracking signal 
is a signal for driving the actuator 83 and the actuator 
83 controls the position of the planer probe 1 in accord- 

30 ance with the tracking signal. For example, in the differ- 
ence circuit 81 , when there is carried out operation of 
subtracting the electric signal outputted from the light 
receiving element 7 from the electric signal outputted 
from the light receiving element 6, in the state shown by 

35 Fig. 12, the difference signal outputted from the differ- 
ence circuit 81 indicates a positive value. 
[0118] Successively, at the tracking signal generator 
82, the positive difference signal is interpreted as a sig- 
nal for moving the actuator 83 to the right and the track- 

40 ing signal indicating a movement direction thereof and 
a movement amount in accordance with the magnitude 
of the difference signal is outputted to the actuator 83. 
That is, the tracking signal generator 82 generates an 
actuator drive signal for correcting the deviation be- 

45 tween the planer probe 1 and the reading track. The ac- 
tuator 83 moves the planer probe 1 in accordance with 
the tracking signal outputted from the tracking signal 
generator 82 and makes the central axis of the very 
small aperture 2 of the planer probe 1 coincide with the 

so reading track. That is, the tracking control is carried out 
to the right direction. 

[0119] Further, although in Fig. 12, there is shown the 
case in which the planer probe 1 is disposed in the left 
direction relative to the reading track (central axis of the 
55 data mark 4), when the planer probe 1 is disposed to 
deviate in the right direction relative to the reading track, 
operation reverse to the above-described is carried out. 
That is, in this case, the tracking control is carried out in 
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the left direction. 

[0120] Further, in parallel with the above-described 
tracking processing, the electric signal outputted at the 
light receiving element 6 and the electric signal output- 
ted at the light receiving element 7, are inputted to the 
adding circuit 80, subjected to the adding operation and 
outputted as the reproduced signal. Thereby, there Is 
detected presence or absence of the data mark 4 right 
below the very small aperture 2. 
[0121] As has been explained above, according to the 
information reproducing apparatus according to Em- 
bodiment 9, the propagated light 14 provided from the 
data mark 4 of the above-described information record- 
ing medium 3 can be detected in two directions symmet- 
rical with respect to the very small aperture 2 of the plan- 
er probe 1 and the tracking control of the planer probe 
1 can be carried out from the difference of the two de- 
tected electric signals. Further, the near-field light gen- 
erated at the very small aperture of the planer probe 1 
is utilized as the signal for the tracking control and ac- 
cordingly, there is achieved the tracking control having 
high accuracy with high positional resolution. 
[0122] Further, although in Fig. 12, as the information 
recording medium, there is shown the information re- 
cording medium 33 explained in Embodiments, similar 
operation and effect can be achieved also by using the 
information recording medium 43 explained in Embodi- 
ment 4. Further, in place of the planer probe 1, the planer 
probe 1 shown in Embodiment 6 and the optical fiber 
probe 61 or the cantilever type optical probe 71 shown 
in Embodiment 8 can also be used. 

(Embodiment 10) 

[0123] Fig. 15 shows an enlarged view of a head por- 
tion of an information recording and reproducing appa- 
ratus according to Embodiment 1 0. Although a structure 
thereof is similar to that in the planer probe and the in- 
formation recording medium shown In Fig. 2, a differ- 
ence therebetween resides in that light emitting ele- 
ments 116 and 117 are used in place of the light receiv- 
ing elements 6 and 7 and that propagation directions of 
the propagated light 121 are reversed. A planer probe 
111 is formed with a very small aperture 112 having a 
size equal to or smaller than a wavelength of laser beam 
118 introduced from a laser light source, not illustrated, 
for example, a diameter of several tens nanometers and 
near-field light 115 is generated at the very small aper- 
ture 112 by introducing the laser beam 118. 
[0124] An information recording medium 113 is con- 
structed by a two layer structure of a light transmitting 
layer 119 comprising a light transmitting member and a 
light reflecting layer 120 comprising a light reflecting 
member and a data mark 114 is formed on the light 
transmitting layer 119. 

[0125] The propagated light 121 generated from the 
light emitting elements 116 and 117 transmits through 
the light transmitting layer 119, reflected by the surface 



of the light reflecting layer 120 and is irradiated to the 
data mark 1 1 4. The data mark is constituted by a phase 
change material a crystal state of which is changed by 
being provided with energy. Output levels of the light 

5 emitting elements 116 and 117 are set such that the 
propagated light 121 provides energy at a level which is 
slightly smaller than a threshold of energy necessary for 
changing the crystal state. Under the state, by irradiating 
the near-field light from the very small aperture 112 to 

10 the data mark, the data mark receives energy exceeding 
the above-described threshold. Thereby, the crystal 
state is changed and recording of information is real- 
ized. 

[0126] The characteristic of the embodiment resides 

is in that, assist light for assisting near-field light for pro- 
viding energy necessary for recording information, is 
provided with a sufficient propagation space by the pres- 
ence of the light transmitting layer 11 9. Although the low- 
er face of the planer probe 111 and the surface of the 

20 information recording medium 1 1 3 are extremely proxi- 
mate to each other and propagated light is difficult to 
invade therebetween, by presence of the light transmit- 
-ting layer 11 9, -assist light having a sufficient intensity 
can reach the data mark. 

25 [0127] As has been explained above, according to the 
information recording and reproducing apparatus ac- 
cording to Embodiment 10, the data mark is previously 
irradiated with the assist light having sufficient intensity 
and accordingly, even by irradiating very weak near-field 

30 light in a short period of time, the change in the crystal 
state of the surface of the information recording medium 
is caused and information can be recorded at high 
speed. 



[01 28] As has been explained above, according to the 
invention, the first information recording medium com- 
prises the two layer structure of the light transmitting lay- 

40 er comprising the light transmitting member and the light 
reflecting layer comprising the light reflecting member 
and the data mark is formed above the light reflecting 
layer and accordingly, there is achieved an effect that 
the propagated fight generated by the interaction be- 

45 tween the near-field light and the data mark can be re- 
flected by the light reflecting layer via the light transmit- 
ting layer and can be emitted from the surface of the 
information recording medium and a sufficiently large 
amount of the propagated light can be provided at the 

so surface of the information recording medium at a posi- 
tion remote from the data mark. 
[0129] Further, according to the invention, the second 
information recording medium comprises the two layer 
structure of the light transmitting iayer comprising the 

55 light transmitting member and the light reflecting layer 
comprising the light reflecting member, the interface be- 
tween the light transmitting layer and the light reflecting 
layer is inclined in one direction, the data mark is formed 
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on the light transmitting layer and accordingly, there is 
achieved an effect that the propagated light generated 
by the interaction between the near-field light and the 
data mark can be strongly reflected in the one direction 
at the light reflecting layer via the light transmitting layer 
and can be emitted from the surface of the light record- 
ing medium and a sufficient amount of the propagated 
tight can be provided at the surface of the information 
recording medium at a position remote from the data 
mark on the side of the inclined face of the light reflecting 
layer 1 . 

[0130] Further, according to the invention, the third in- 
formation recording medium comprises the two layer 
structure of the light transmitting layer comprising the 
light transmitting member and the light reflecting layer 
comprising the light reflecting member, the surface of 
light reflecting layer is formed in the shape achieving 
reflection of light to the specific area, the data mark 4 is 
formed on the light transmitting layer and accordingly, 
there is achieved an effect that the propagated light gen- 
erated by the interaction between the near-field light and 
the data mark, can pass the tight transmitting layer, can 
be strongly reflected to the specific area at the light re- 
flecting layer, can be emitted from the surface of thelfi- 
formation recording medium and a sufficient amount of 
the propagated light can be provided at the specific area 
at a position remote from the data mark. 
[0131] Further, according to the invention, the fourth 
information recording medium comprises the two layer 
structure of the light transmitting layer comprising the 
light transmitting member and the light reflecting layer 
comprising the light reflecting member, the diffraction 
grating is formed at the surface of the light reflecting lay- 
er, the data mark is formed on the light transmitting layer 
and accordingly, there is achieved an effect that the 
propagated light generated by the interaction of the 
near-field light and the data mark can pass through the 
light transmitting layer, can be strongly reflected to the 
specific area determined by the diffraction grating at the 
light reflecting layer and can be emitted from the surface 
of the information recording medium and a sufficient 
amount of the propagated fight can be provided at the 
specific area at a position remote from the data mark. 
[0132] Further, according to the first information re- 
producing apparatus according to the invention, there is 
used the information recording medium comprising the 
two layer structure of the light transmitting layer com- 
prising the light transmitting member and the light re- 
flecting layer comprising the light reflecting member and 
formed with the data mark on the light reflecting layer, 
the propagated light provided by the information record- 
ing medium is received by the light detecting means, a 
reproduced signal having sufficiently large intensity in- 
dicating presence or absence of the data mark can be 
provided and accordingly, there is achieved an effect 
that there can be realized downsized formation of the 
apparatus in the case of adopting the illumination mode 
and a transmission mode constituting a system of infor- 



mation reproduction utilizing near-field light and there 
can be reproduced stable information having high relia- 
bility by the reproduced signal having the sufficiently 
large intensity. 

5 [0133] Further, according to the second information 
reproducing apparatus according to the invention, there 
is used the information recording medium comprising 
the two layerstructure of the light transmitting layer com- 
prising the light transmitting member and the light re- 

10 fleeting layer comprising the light reflecting member and 
formed with the data mark above the light reflecting lay- 
er, the propagated light provided by the information re- 
cording medium is received by the light detecting 
means, a reproduced signal having a sufficiently large 

15 intensity indicating presence or absence of the data 
mark can be provided and accordingly, there is achieved 
an effect that there can be realized downsized formation 
of the apparatus in the case of adopting the collection 
mode and the transmission mode constituting the sys- 

20 tern of information reproduction utilizing near-field light 
and there can be reproduced stable Information having 
high reliability by the reproduced signal having the suf- 
ficiently large intensity. 

[0134] Further, according to the third information re- 
25 producing apparatus according to the invention, there is 
used the information recording medium comprising the 
two layer structure of the light transmitting layer com- 
prising the light transmitting member and the light re- 
flecting layer comprising the light reflecting member and 
30 formed with the data mark above the light reflecting lay- 
er, the propagated light provided by the information re- 
cording medium can be detected in two direction relative 
to the very small aperture of the reproducing probe and 
there can be carried out tracking control of the repre- 
ss ducing probe by the difference between the detected 
two detected signals. Further, the near-field light gener- 
ated at the very small aperture of the reproducing probe 
is utilized as a signal for tracking control and therefore, 
there is achieved an effect that there can be carried out 
40 the tracking control having high accuracy with high po- 
sitional resolution. 

[0135] Further, according to the fourth information re- 
producing apparatus according to the Invention, as the 
reproducing probe, there is adopted the planer probe 

45 provided with the light detecting means or the light irra- 
diating means and accordingly, further compact appa- 
ratus constitution is achieved. Further, the planer probe 
can be fabricated by using the semiconductor fabrica- 
tion technology and accordingly, there is achieved an 

so effect that mass production having high reproducibility 
can be carried out. 

[0136] Further, according to the fifth information re- 
producing apparatus according to the invention, the 
propagated light provided by the information recording 
55 medium comprising the two layer structure of the light 
transmitting layer and the light reflecting layer, is re- 
ceived by the light detecting means of the planer probe 
arranged to incline such that the clearance between the 
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planer probe and the surface of the information record- 
ing medium becomes sufficiently large, there can be 
provided the reproduced signal having sufficiently targe 
intensity indicating presence or absence of the data 
mark and accordingly, there is achieved an effect that 
there is realized downsized formation of the apparatus 
in the case of adopting the transmission mode consti- 
tuting one of the systems of information reproduction uti- 
lizing near-field light, further, there can be reproduced 
stable information having high reliability by the repro- 
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[0137] Further, according to the sixth information re- 
producing apparatus according to the invention, as the 
reproducing probe there can be utilized the probe of the 
optical fiber type used in a conventional near-field mi- 
croscope and accordingly, there is achieved an effect 
that accumulated technology of the near-field micro- 
scope is effectively applicable to the information repro- 
ducing apparatus. 

[0138] Further, according to the seventh information 
reproducing apparatus according to the invention, as 
the reproducing probe there can be utilized the probe of 
the cantilever type-used Jn a conventional near-field mi- 
croscope and accordingly, there is achieved an effect 
that accumulated technology of the near-field micro- 
scope is effectively applicable to the information repro- 
ducing apparatus. 

[0139] Further, according to the first Information re- 
cording and reproducing apparatus according to the in- 
vention, in an information recording and reproducing ap- 
paratus in which a recording and reproducing probe pro- 
vided with a very small aperture for generating near-field 
light records and reproduces information to and from an 
information recording medium by carrying out an inter- 
action between the recording and reproducing probe 
and the information recording medium via the near-field 
light wherein the information recording medium com- 
prises a two layer structure of a light transmitting layer 
for transmitting light and a light reflecting layer for re- 
flecting light and formed with a data mark constituting a 
unit of the information on the light transmitting layer, the 
information recording and reproducing apparatus com- 
prising near-field light generating light irradiating means 
for irradiating irradiation light for generating the near- 
field tight to the recording and reproducing probe, and 
propagated light irradiating means for irradiating light to 
the light reflecting layer such that the light is irradiated 
to an area at which the near-field light on the light trans- 
mitting layer carries out the interaction and accordingly, 
there is achieved an effect that the data mark can be 
Irradiated not only by the near-field light from the probe 
but also by the light from the light reflecting layer and 
larger energy can be provided by the data mark. 
[0140] Further, according to the second information 
recording and reproducing apparatus according to the 
invention in accordance with the first information record- 
ing and reproducing apparatus according to the inven- 
tion, is characterized in that the light irradiated to the 



light reflecting layer is provided with an intensity and a 
wavelength for assisting the near-field light for recording 
the information and accordingly, there is achieved an ef- 
fect that energy necessary for information recording can 

5 be provided not only by the near-field light from the 
probe but also by the assist light from the fight reflecting 
layer and recording having high reliability at high speed 
can be realized by changing the state of the surface of 
the information recording medium by controlling the very 

10 weak near-field light. 

mid11 Pnrthpr in th a first and the eprnnrl infnrmatinn 
w - ■ - -j * » 

recording and reproducing apparatus according to the 
invention, by carrying out the invention similar to any 
invention of the fourth through the seventh information 

is reproducing apparatus according to the invention, In ad- 
dition to inherent effects of the first and the second in- 
formation recording and reproducing apparatus accord- 
ing to the invention, respective effects of the fourth 
through the seventh information reproducing apparatus 

20 according to the invention are realized. 



Claims 

25 1. An information recording medium characterized in 
that in an information recording medium formed 
with information reproduced by a reproducing probe 
provided with a very small aperture for generating 
near-field light on a surface of a medium: 

so wherein the information recording medium 

comprises a two layer structure of a light transmit- 
ting layer for transmitting light and a light reflecting 
layer for reflecting light and a data mark constituting 
a unit of the information is formed on the light trans- 

35 mitting layer. 

2. The information recording medium according to 
Claim 1 , characterized in that an interface between 
the light transmitting layer and the light reflecting 

40 layer is inclined in one direction. 

3. The information recording medium according to 
Claim 1 , characterized in that a surface of the light 
reflecting layer constituting an interface between 

45 the light transmitting layer and the light reflecting 
layer, is formed in a shape of ref lectin g light incident 
on the light reflecting layer to a specific area. 

4. The information recording medium according to 
50 Claim 3, characterized in that the shape constitutes 

a diffraction grating. 

5. An information reproducing apparatus character- 
ized in that in an information reproducing apparatus 

55 for reproducing information by a reproducing probe 
provided with a very smalt aperture for generating 
near-field light, the information reproducing appa- 
ratus comprising: 
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an information recording medium comprising a 
two layer structure of a light transmitting layer 
for transmitting light and a light reflecting layer 
for reflecting light and formed with a data mark 
constituting a unit of the Information on the light 5 
transmitting layer; and 

light detecting means for detecting propagated 
light generated by an interaction between the 
near-field light and the data mark and output- 
ting a detected signal. 10 

6. An information reproducing apparatus character- 
ized in that in an information reproducing apparatus 
for reproducing information by a reproducing probe 
provided with a very small aperture for guiding out 1$ 
propagated light by an interaction with near-field 
light, the information reproducing apparatus com- 
prising: 

an information recording medium comprising a 20 
two layer structure of a light transmitting layer 
for transmitting light and a light reflecting layer 
for reflecting light and formed with a data mark 
constituting a unit of the information on the light 
transmitting layer; and 25 
light irradiating means for Irradiating irradiation 
light for generating the near-field light at the da- 
ta mark to the information recording medium. 

7. An information reproducing apparatus character- so 
ized in that in an information reproducing apparatus 

for reproducing information by a reproducing probe 
provided with a very small aperture for generating 
near-field light, the information reproducing appa- 
ratus comprising: 35 

an information recording medium comprising a 
two layer structure of a light transmitting layer 
for transmitting light and a light reflecting layer 
for reflecting light and formed with a data mark 40 
constituting a unit of the information on the light 
transmitting layer; 

first and second light detecting means for out- 
putting detected signals by detecting propagat- 
ed light generated by an interaction between 45 
the near-field light and the data mark and ar- 
ranged on left and right sides of the very small 
aperture; 

difference calculating means for calculating a 
difference between a first detected signal out- so 
putted from the first light detecting means and 
a second detected signal outputted from the 
second light detecting means and outputting a 
difference signal; 

reproducing probe position controlling means ss 
for controlling a position of the reproducing 
probe in accordance with the difference signal; 
and 



reproduced signal generating means for gener- 
ating a reproduced signal by calculating to add 
the first detected signal and the second detect- 
ed signal. 

8. The information reproducing apparatus according 
to any one of Claims 5 through 7, characterized in 
that the reproducing probe is a planer probe com- 
prising a planer substrate formed with a hole in a 
shape of an inverse cone penetrated such that atop 
portion thereof constitutes the very small aperture 
and arranged with the light detecting means or the 
light irradiating means at the planer substrate. 

9. The information reproducing apparatus according 
to Claim 8, characterized in that the reproducing 
probe carries out reproduction by a state of being 
inclined relative to a surface of the information re- 
cording medium. 

10. The information reproducing apparatus according 
to any one of Claims 5 through 7, characterized in 
that the reproducing probe comprises an optical fib- 
er, a front end of which is provided with the very 
small aperture. 

11. The information reproducing apparatus according 
to any one of Claims 5 through 7, characterized in 
that the reproducing probe Is a probe of a cantilever 
type provided with the very small aperture at a pro- 
jected portion thereof. 

12. An information recording and reproducing appara- 
tus characterized in that in an information recording 
and reproducing apparatus in which a recording 
and reproducing probe provided with a very small 
aperture for generating near-field light records and 
reproduces information to and from an information 
recording medium by carrying out an interaction be- 
tween the recording and reproducing probe and the 
information recording medium via the near-field 
light: 

wherein the information recording medium 
comprises a two layer structure of a light transmit- 
ting layer for transmitting fight and a light reflecting 
layer for reflecting light and formed with a data mark 
constituting a unit of the information on the light 
transmitting layer, the Information recording and re- 
producing apparatus comprising: 

near-field light generating light irradiating 
means for irradiating irradiation light for gener- 
ating the near-field light to the recording and re- 
producing probe; and 

propagated light irradiating means for irradiat- 
ing light to the light reflecting layer such that the 
light is irradiated to an area at which the near- 
field light on the light transmitting layer carries 
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out the Interaction. 

13. The information recording and reproducing appara- 
tus according to Claim 1 2 , characterized in that the 
light irradiated to the light reflecting layer is provided 5 
with intensity and a wavelength for assisting the 
near-field light for recording the Information. 
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